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(54) Optical detection of specific 
molecules 

(57| An optical method for detecting the 
presence and/or behaviour of a first 
form of specific molecules in various 
substances comprises the steps of 
applying a sample 6 of the substance 
(e.g. blood) to a molecular adsorbed 
layer 4 formed on an appropriate 
boundary surface of light transmitting 
device 2. Layer 4 embodies a second 
form of specific molecules {e.g. 
antibodies) capable of attracting 
specific molecules {e,g. antigens) from 
the sample for chemical combination 
therewith. Light is Injected Into the 
device so that at least a part thereof 
enters layer 4. The light output from the 
device is then detected for assessment 
of the effect thereon of any molecules 
of the first form absorbed into layer 4, 
Polarizers 9 & 10 are used because the 
orthogonal light components are 
attenuated differently according to 
chang es in amyotrophy* Instead of the 
planar waveguide of Fig. I a triangular 
prism with an edsorbed layer may be 
used. 
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The drawings originally filed were Informal and the print here reproduced is taken from a later filed formal copy. 
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SPECIFICATION 

Improvements relating to optical detection meth- 
ods and apparatus 

5 

This Invention relates to methods and apparatus 
for detecting and/or monitoring or quantifying the 
presence and/or behaviour of certain specific mole- 
cules in various substances and the invention is 
10 especially, but not exclusively, applicable to the 
clinical detection of antigens in blood samples and 
to the monitoring of clincial diagnostic reactions 
involving enzymes, for example. 
It is already known to detect the presence of an- 
15 tigens in blood samples by causing the antigens to 
be attracted into an adsorbed layer of a substance 
which contains antibodies and which constitutes 
the gate electrode of an insuiated-gate field-effect 
transistor (IGFET) so that the current flow between 
20 the source and drain of the transistor is varied in 
accordance with the presence of antigens absorbed 
Into the gate electrode. The transistor current flow 
is monitored to detect the presence of antigens 
after which the transistor will be disposed of. 
25 The present invention accordingly has in view a 
detecting and/or monitoring or quantifying method 
which makes use of a significantly cheaper dispos- 
able device than the IGRET referred to above and 
which enables inter alia the take-up of antigens by 
30 the absorbed foyer in the antigen detection appli- 
cation of the invention to be monitored over a pro- 
tracted period (e.g. 15 minutes). 

in accordance with the present invention there is 
provided an optical method for detecting and/or 
35 monitoring or quantifying the presence and/or be- 
haviour of a first form of specific molecules in var- 
ious substances, which method comprises the 
steps of applying a sample of one of said sub- 
stances to a molecular adsorbed layer which is 
40 formed on an appropriate boundary surface of a 
relatively cheap light transmitting device and 
which embodies a second form of specific mole* 
cuies capable of attracting specific molecufes of 
the first form to said adsorbed layer for chemical 
45 combination therewith, Injecting light into said de- 
vice so that at least a part thereof enters the ad- 
sorbed layer and detecting, monitoring or 
measuring the light output from said device for as- 
sessment of the effect thereon of any mofecuies of 
50 the second form which have been absorbed unto 
the adsorbed layer. 

In carrying out the present invention the light 
transmitting device may comprise a disposable 
planar optical waveguide with the adsorbed layer 
55 being provided on one boundary surface of the 
waveguide, or alternatively, the device may com- 
prise a simple cheap prism (e.g. triangular) having 
the adsorbed Jayer provided on one face thereof. 
The disposable planar optical waveguide may slm- 
60 ply comprise a glass slide of the form commonly 
used in microscopy provided with a surface layer 
of different refractive index. 

When a planar optical waveguide is used, light 
Injected into one end of the waveguide will be 
65 propagated through the waveguide so that evanes- 
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cent waves of the guided light will penetrate into 
the adsorbed layer of the device where they will be 
absorbed and/or otherwise modified (e*g. velocity 
differentia! between components) by the material 
70 of the layer and to a degree dependent upon the 
presence of specific moledules of the first form ab- 
sorbed in the adsorbed layer and thereby produc- 
ing attenuation or a change in attenuation of the 
guided light-wave which can be detected and/or 
75 measured. 

The material of the adsorbed layer may also be 
anisotropic in which case the propagation charac- 
teristics of orthogonal polarised components of the 
light (e.g. magnetic and electric) injected into the 
80 waveguide will be influenced by the anfsotropy of 
the layer so that the electrical and magnetic mode 
propagation constants will differ as a function of 
the anrsotropy and the degree of absorption of 
each mode polarisation by the adsorbed layer will 
85 usually be different Consequently, changes in ani- 
sotropy of the adsorbed layer due to the absorp- 
tion therein of specific molecules of the first form 
will affect the attenuation of the orthogonal pola- 
rised components of light Injected Into the wave- 
90 guide and thus the measured intensities of these 
polarisations may be used to provide an indication 
of any absorption of specific molecules of the first 
form Into the adsorbed layer. 
Similarly, in the alternative case where an optical 
95 prism is utilised orthogonal polarised light compo- 
nents may be injected into the prism but in this 
case It may be arranged that the light beam itself 
passes through the adsorbed layer and after inter- 
nal reflection from the outer surface of the applied 
100 substance embodying the specific molecules of the 
first form it passes back through the adsorbed 
layer and thus the intensities of the two polarisa- 
tions of light may be detected and/or measured for 
determining whether and in what quantity mole- 
105 cules of the first form have been absorbed into the 
adsorbed layer. 

As alternatives to the above-described tech- 
niques of effectively detecting and/or measuring 
the absorption or changes In the absorption of 
110 light at the propagation wavelength (usually ultra- 
violet spectral range) by the adsorbed layer it is 
also envisaged that changes In birefringence or Ra- 
man back-scattering of light in the adsorbed layer 
may be utilised to detect the absorption of specific 
1 15 molecules into the adsorbed layer These alterna- 
tive techniques enable a wider range of light wave- 
lengths to be used. 

It is contemplated that the method of the present 
Invention and the apparatus for carrying it out will 
120 have many applications In the chemical and medi- 
cal analytical and diagnostic fields but two espe- 
cially envisaged applications are in the detection 
and/or monitoring of antigens in blood samples 
and in monitoring clinical diagnostic reactions in- 
125 volving enzymes. 

By way of example the present invention will 
now be described with reference to the accompa- 
nying drawing In which; 
Figure 1 shows a schematic diagram of an opti- 
130 cal waveguide apparatus for detecting and/or 
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measuring the absorption of specific molecules 
from a blood sample into an adsorbed layer of the 
waveguide; and, 
Figure 2 shows a schematic diagram of an optt- 
5 cal prism apparatus for detecting and/or measuring 
the absorption of specific molecules of a blood 
sample into an adsorbed layer of the prism. 

Referring to Figure 1 of the drawing the appara- 
tus depicted comprises a planar optical dielectric 

10 waveguide 1 conveniently consisting of a thin 
glass film 2 of one refractive index supported on a 
glass substrate of a different refractive Index, or 
the film 2 may be surface layer of gradient refrac- 
tive index supported on a susbtrate of uniform re- 

15 fractive index. The thin- film 2 of the waveguide 
has applied to it an adsorbed surface layer 4 of a 
material which in the present example contains 
specific antibodies. In the adsorption process these 
antibodies align with a distinct and well-defined 

20 orientation with respect to the waveguide surface 5 
and their function is to attract any antigens from a 
blood sample 6 applied to the waveguide surface 
5. The chemical combination of antibodies In the 
adsorbed layer 4 and antigens in the applied blood 

25 sample 6 occurs at a well-defined molecular posi- 
tion maintaining the orientation of the adsorbed 
layer 4 and in practice the quantity of antibodies 
will be sufficient to maintain the depth of the ad- 
sorbed layer 4 r with or without antigens, within or 

30 nearly equal to the penetration depth of the trans- 
verse evanescent field of the propagated light into 
the adsorbed layer. 

Light (ultra-violet) derived from a light source 7 
is focused by a convex lens 8 on to one end of the 

35 waveguide film 2 after passing it through a polar- 
iser 9 for the generation of polarised light This po- 
larised light is propagated along the waveguide 
with the transverse evanescent field produced by 
the guided light penetrating into the adsorbed 

40 layer 4. The degree of absorption and/or modifica- 
tion of the guided light by the adsorbed layer 4 will 
depend upon the chemical combination of antigens 
from the blood sample 6 with antibodies in the ad- 
sorbed layer 4. This dependence may result from 

45 changes in the anlsotropy of the material of the 
adsorbed layer 4 due to the presence of antigens. 
Moreover, the orthogonal polarised light compo- 
nents (electric and magnetic) of the guided light 
will be attenuated differentaly according to these 

50 changes in anlsotropy. The orthogonal polarised 
light components emerging from the other end of 
the waveguide are applied to a polariser 10 which 
is arranged at 45° to the orthogonal polarisation 
(electric and magnetic) directions so that the 

55 change in output from the polariser 10 which is fo- 
cused by a convex fens 1 1 on to an optical detector 
12 corresponds to the difference between propaga- 
tion constants of the polarised components. The 
polarised output is thus dependent upon the 

60 changes in the absorption of light by the adsorbed 
layer due to the presence of antigens attracted to 
the layer by the ant/bodies therein. 

These changes In absorption can all be detected 
and/or monitored or quantified sufficiently fast in 

65 time allowing observation of the take-up of anti- 



gens by antibodies. Since the transverse evanscent 
field does not penetrate beyond the adsorbed layer 
2 the background optical characteristics presented 
by the blood sample itself do not influence the de- 
70 tection of antigens and moreover the method only 
requires a very small volume of blood sufficient to 
provide a layer a few microns thick and spread 
over a few square centimetres of waveguide sur- 
face area. 

75 Referring now to Figure 2, this shows an alterna- 
tive form of apparatus including a triangular prism 
13 which has an adsorbed layer 14 embodying an- 
tibodies and corresponding to layer 4 of the Figure 
1 apparatus. The blood sample containing antigens 

80 is applied at 15 to the layer 14, Light (ultra-violet) 
from a light source 16 after collimation by a con- 
vex lens 17 and passing through a polariser 18 en- 
ters the prism 13 and after passing through the 
adsorbed layer 14 is Internally reflected from the 

85 upper surface of liquid blood sample 15. The light 
wilt be attenuated inter alia by the antigens at- 
tracted into the adsorbed fayer by the antibodies 
therein. The attenuated light emerging from the 
prism 13 passes through a polariser 19 before it is 

90 focussed on to an optical detector 20 by a convex 
lens 21. The detector output and/or indication af- 
fords an indication of the presence or absence of 
antigens In the blood sample applied to the prism. 

95 CLAIMS 

1. An optical method for detecting and/or moni- 
toring or quantifying the presence and/or behav- 
iour of a first form of specific molecules in various 

100 substances, said method comprising the steps of 
applying a sample of one of said substances to a 
molecular adsorbed layer which is formed on an 
appropriate boundary surface of a relatively cheap 
light transmitting device and which embodies a 

105 second form of specific molecules capable of at- 
tracting specific molecules of the first form to said 
adsorbed layer for chemical combination there- 
with, injecting light into said device so that at (east 
a part thereof enters the adsorbed layer and de- 

110 tecting, monitoring or measuring the light output 
from said device or otherwise essessing the effect 
thereon of any molecules of the second form 
which have been absorbed into the adsorbed layer. 

2, An optical method as claimed in claim 1, in 
1 15 which the light transmitting device comprises a 

disposable planar optica) waveguide with the ad- 
sorbed layer being provided on one boundary sur- 
face of the waveguide and in which light is injected 
into one end of the waveguide so that it Is prop a- 

120 gated through the waveguide whereby evanescent 
waves of the guided light will penetrate into the 
adsorbed layer of the device where they will be ab- 
sorbed and/or otherwise modified by the material 
of the layer to a degree dependent upon the pres- 

125 ence of specific molecules of the first form ab- 
sorbed in the adsorbed layer and thereby 
producing attenuation or a change In attenuation 
of the guided light-wave which can be detected 
and/or measured. 

130 3. An optical method as claimed in claim 1, in 
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which the light transmitting device comprises a 
simple prism (e.g. triangular} having the adsorbed 
layer provided on one face thereof. 

4. An optical method as claimed in claim 2, in 
5 which the disposable planar optical waveguide 

comprises a glass slide with a surface layer of dif- 
ferent refractive index. 

5. An optical method es claimed in claim 2, In 
which the adsorbed layer is anisotropic whereby 

10 the propagation characteristics of orthogonal pola- 
rised components of the light injected Into the 
waveguide will be influenced by the enisotropy of 
the layer so that the electrical and magnetic mode 
propagation constants will differ as a function of 

15 the anisotropy and the degree of absorption of 
each mode polarisation will be different 

6. An optical method as claimed in claim 3, in 
which orthogonal polarised light components are 
injected into the prism and In which the light beam 

20 is arranged to pass through the adsorbed layer and 
after Internal reflection from the outer surface of 
the applied substance embodying the specific mol- 
ecules of the first form to pass back through the 
adsorbed layer, the Intensities of the two polarisa- 

25 tions of light being detected and/or measured for 
determining whether and in what quantity mole- 
cules of the first form have been absorbed into the 
adsorbed layer. 

7. An optical method as claimed In claim t, In 
30 which changes In birefringence or Raman back- 

scatterfng of fight In the adsorbed layer are utilised 
to detect the absorption of specific molecules into 
the adsorbed layer. 
B. The optical detecting end/or measuring 
35 method hereinbefore described with reference to 
Figure 1 or Figure 2 of the accompanying drawing. 

9. The optical waveguide apparatus suitable for 
detecting and/or measuring the absorption of spe- 
cific molecules from a blood sample into an ad- 

40 sorbed layer of the waveguide substantially as 
hereinbefore described with reference to Figure 1 
of the accompanying drawing. 

10. The optical prism apparatus suitable for de- 
tecting and/or measuring the absorption of specific 

45 molecules of a blood sample into an adsorbed 
layer of the prism substantially as hereinbefore de- 
scribed with reference to Figure 2 of the accompa- 
nying drawing. 
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